Background. The aim of the study was to compare the accuracy of general scoring systems on ICU arrival with preoperative evaluation using the EuroSCORE risk model in patients undergoing cardiac surgery.
BACKGROUND
Improvement in medical treatment of heart diseases and achievements of interventional cardiology have changed the profile of patients undergoing cardiac surgery nowadays. Proportion of elderly patients, patients with referral patterns for surgical treatment later in the course of the dis ease and patients with greater incidence of comorbidities is inreasing. At the same time, advances in cardiac surgical and anaesthesiological techniques and improvement of myocardial protection have broadened the type and complexity of surgical procedures. An accurate and objective estimate of perioperative risk would have important consequences for the patient, clinicians and hospital administrators. The growing interest in risk-adjusted analysis of outcome has led to the development of quite a few predictive models for postoperative mortality in cardiac surgery (1) (2) (3) . EuroSCORE, the European system for cardiac operative risk evaluation developed in more than 120 European centres, has become widely used for risk stratification in Europe (4) . This scoring system identifies 17 preoperative risk factors divided into three groups: patient related factors, cardiac factors and surgery related factors. This system was validated in our patient population (5) . General severity of illness systems for critically ill patients are widely used in intensive care units to evaluate the severity of the disease and likely outcome. The Acute Physiologic Score and Chronic Health Evaluation (APACHE) was introduced by Knaus in 1981 (6) , modified into the APACHE II scoring system in 1984 (7), which became probably the best-known and most widely used score for risk evaluation. The SAPS II system is used in clinical practice since 1993 (8) . It assesses the 12 physiologic variables in the first 24 hours of ICU admission. The Multiple Organ Dysfunction System (MODS) scores six organ systems: respiratory, cardiovascular, renal, hepatic, haematologic and central nervus system (9) . Although most of them were not developed for use in cardiac surgical patients they are used in this patient population (10) . The aim of the study was to compare the accuracy of general scoring systems on ICU arrival and with preoperative evaluation using the Euroscore risk model in patients undergoing cardiac surgery. of cardiopulmonary bypass (CPB) and myocardial protection were similar during this time frame. Patients who were operated using off-pump technique were also included into the study. Patients with concominant valve repair or replacement procedures were excluded from the investigation. Data were prospectively collected as a part of routine clinical practice. Risk stratification using the EuroSCORE system (Table 1) was performed preoperatively in the operative room using the downloaded version from euroscore.org and stored on a personal computer in every operative room. Three general scoring systems were used for risk assessment after patient arrival to the intensive care unit (ICU): Apache II, SAPS and MODS. APACHE II and SAPS II are the most widely used scores in the ICU, consisting each of 12 slightly different variables, while MODS model scores consist of only six variables. The main physiological parameters used for risk evaluation for general score systems are presented in Table 2 . All these scores were calculated by attending anaesthesiologist shortly after patients were transferred to the cardiac intensive care unit following surgery, when the laboratory exams were available. As a routine practice, blood gas analysis is performed for all patients after transferring them from the operative room to the ICU in our institution; these data were used for general risk scoring systems. Primary endpoint was all-cause in-hospital mortality. The length of stay in the intensive care unit was used as a surrogate measure of morbidity. All data are presented as mean ± standard deviations for continuous variables and as percentages with 95% CI for categorical variables. Predicted mortality rates were compared to the observed ones. Calibration of the models was performed using the Hosmer-Lemeshow Goodness-of-Fit test, discrimination was performed using Receiver Operative Characterictic (ROC) Curves. Statistical analysis was caried out using the SPSS 8.0 statistical package.
METHODS

RESULTS
During this 12 month period 514 consecutive patients underwent isolated coronary artery bypass grafting procedure in our institution. Women accounted for 24 percent of patients who underwent CABG surgery. One hundred seventy six (34%) patients were older than 70 years, 170 (33%) had impaired left ventricle function, 64 (12%) had diabetes. The full profile of preoperative risk factors and comorbidities of study group patients are presented in Table 3 .
Forteen patients died what made the crude mortality rate 2.7% (14/514). All risk scoring systems overestimated mortality, but the predicted mortality did not differ significantly from each other, exept for APACHE II scoring system which overestimated the risk of mortality more than four times ( Table 4) .
The performance of risk scoring systems was assessed by evaluation of calibration and discrimination. Hosmer-Lemeshow Goddness-of-Fit test showed good calibration of all four risk stratification systems (Table 5 ). All four risk scoring systems were well-fitting models, showed nonsigni- ficance on the Goodness-of-Fit test, implying that the models estimated fit the data at an acceptable level. Discrimination, or the ability of scoring systems to distinguish between the patients who will survive and those who will not survive, was not as acccurate. However, postoperative General Severity scoring systems, based on physiological parameters, were not more accurate than the preoperative Euroscore risk stratification system. The area under curve ranging from 0.72 to 0.76 for Euroscore, SAPS II and MODS risk scoring systems showed an acceptable level of accuracy. APACHE II system with an area under curve of 0.68 showed the worst discriminatory capability (Table 5) .
DISCUSSION
Scoring systems are very important in resource utilization, continuing quality improvement, comparison of institutional performance over time, comparison of performance between different institutions. As simple as possible in order to be user friendly and accurate as much as possibile in risk assessment are the main features of the ideal risk scoring system. Over the last three decades, a lot of scoring systems were introduced into clinical practice. Quite a number of systems have been developed for cardiac surgical patients in particular. Postoperative cardiac surgical patients are unique in several ways. First of all, the majority of patients are being operated on with the help of cardiopulmonary bypass, which together with the aortic cross-clamp time is a known factor having an impact on mortality (11). Postoperative mechanical lung ventilation is a standard of care in most cardiac surgical patients rather than status representing respiratory failure. Hypoxemia, defined by low PaO 2 /FiO 2 ratio, is uncommonly seen after heart surgery requiring cardiopulmonary bypass, but mainly with a minimal effect on the postperative course of the patients (12). Glasgow Coma Scale, a part of APACHE II and MODS risk stratification systems, could be affected by the patient postoperative sedation. Platelet count may not be the best indicator of coagulatory dysfunction early after cardiac dysfunction as the white blood cells (WBC) or hematocrit used in general risk scoring systems. Hemodilution, systemic inflamatory response to CPB might have an inpact on these parameters. On the other hand, some of physiological variables, like potassium concentration, might be affected by potassium used in cardioplegia for myocardial protection, lower body temperature -impact of anesthethic and perfusion technique used during the CPB, and these changes perhaps do not have any impact on patient mortality and morbidity. On the contrary, increased lactates concentration which has been proven to be an important predictor of bad outcome in pediatric and adult cardiac surgery (13, 14) was not included in the general risk scoring systems. In our study, discrimination of the general risk scoring system (APACHE II) used postoperatively was not as accurate as that of EuroSCORE risk stratification, based on preoperative patient characteristics. On the other hand, the SAPS II and MODS risk scoring systems showed no additional benefit to preoperative Euroscore risk evaluation. Scoring systems should not be used to make prediction in individual cases. They can be used to assist clinical decision making, although general risk scoring systems at ICU admission are not more accurate for risk assessment in cardiac surgical patients than the preoperative risk evaluation. Euroscore, SAPS II and MODS showed areas under the receiver operative characteristic curve greater than 70% and thus can be used as applicable models. APACHE II general risk scoring system, used to evaluate severity of patient's illness, showed to be a not applicable risk stratification model on ICU admission for patients after coronary artery bypass grafting surgery. One of limitations of this study was that general risk scoring was performed only on ICU admission. For majority of CABG patients, that were treated in ICU for 24 hours following surgery, changes of physiological parameters, associated with CPB and myocardial protection techniques, were not clinically important. However, for more sick patients, daily assesement of organ dysfunction might be important and help stratifying high risk patients (15) with adverse outcome.
